While developing deformable mirrors for adaptive optics, and while studying scintillation, we also tested the method of curvature sensing and different variants of it. By very carefully adjusting the optics we were able to discern variations on the scale of one nanometer. The limited dynamic range of the detectors and various optical artifacts caused systematic and random errors of 5-8 percent. Calibration of the measurements turned out to be a difficult issue as well. One of the main problems with non-atmospheric measurements was vignetting. We suspect that strong atmospheric scintillation might cause similar problems in curvature sensing, because of light scattered outside the measurement aperture, leading to errors in the estimated wave front phase. We looked into measuring turbulence along the optical path, by comparing field data of both Hartmann-Shack and intensity sensors collected under similar conditions. It seems that some of the turbulence can be tracked back to its range, but this is still being tested. If so, it might be possible to correct it using multi-conjugate optics and reduce significantly scintillation effects. Scintillation can also be removed artificially by correcting a scaled-up version of the turbulence at a scaled-down conjugate distance and vice versa.
TRANSPORT OF INTENSITY
We start with a wave propagating in the + z direction:
u(x,y,z,t) = exp(-i2rct I A)u(r) , r = (x,y). kfl(r,z)
This equation ties intensity and phase values along the optical propagation path. 
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We constructed an optical system that allows us to re-image different planes on the camera (Figure 1) . By moving the lens in front of the camera, we can choose the two planes to overlap (before and after reflection from the sample), or at any two other locations. However, to apply that we also need to plug in the boundary conditions. This is achieved by defining a slightly larger domain. We rewrite the TIE with an additional term, whose value is equal to zero:
The last two terms can now be absorbed into the laplacian: Convex Sets, by repeatedly entering the measured intensity signals inside the boundary, fmding the phase, applying the boundary conditions, and so on4' . This is shown in Figure 2 .
In our experimental setup, we are interested in local details. The wave front might be tilted, have global curvature, or other aberrations on a large scale. This is of low importance if one is looking for small-scale details. To get rid of global aberrations, we fit by least-squares the wave front to Zernike polynomials, and remove them5. In Figure 3 , we show a cut through a deformable minor under different voltages. Global tip and tilt have been removed, and the most obvious effect is the curvature change. While testing deformable mirrors, we were able to achieve repeatability of 5%, and local accuracy of few Angstromss 6 Our ability to improve this accuracy requires better optics, fine alignment of the measurement planes, and a better digitizing camera (we currently use standard, inexpensive optical and electronic equipment).
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PHASE SENSING IN TWO PLANES
We start again with the assumption that the intensity is constant before passing through the first distorting surface. The TIE can now be approximated (for small distortions) by dI(r,z) dlnI(r z) _!dzV2(r z).
I(r,z) k
Upon integration, we only consider distortions in two planes, say z1 and z2 , and neglect them elsewhere. If 4 is the initial -k in-z1V2q1(r,z1) + z2V2co2(r,z2).
Ifeither one ofthe planes is close to the observation plane, we see that most ofthe intensity changes will be due to the other plane. This is exactly the case of astronomical scintillation, created by distant turbulent layers7. By judicious choice of the detection plane, one can be sensitive to either distorting plane. Imaging one of the planes on the detector, it has no effect on the intensity fluctuations. Only the distortions in the second plane are measured. The opposite is also true: focusing on the second plane, intensity scintillation will be a result ofphase variations in the first.
The detector signal, to be fed into the phase recovery algorithm, is I(z -\z)
The denominator is actually the intensity (with scintillation imposed on it), which is being normalized away. However, it would be more beneficial to use this intensity to estimate the phase fluctuations in the other plane7. Thus, four images are to be taken: two, just before and after the first plane, and two, just before and after the second plane. It might be possible to reduce the number of measurements in special cases. 
